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INTRODUCTION 


The LANDSAT-1 (Earth Resources Technology Satellite 
[ERTS-1]*) experiment, entitled "Near Real-Time V7ater 
Resources Data for River Basin Management" was an evalua- 
tion of whether standard U.S. Geological Survey Water 
Resources Division field instrumentation could be interfaced 
easily with the LANDSAT Data Collection System (DCS) and 
the data made to flow smoothly to water-resources management 
agencies in the Delaware River basin. The test yielded 
successful results. 

LANDSAT Data Collection Platforms (DCP) , which are small 
battery-operated radios, were interfaced with standard Survey 
instruments in stream-gaging stations, ground-water observa- 
tion wells, and water-quality monitors in the Delaware River 
basin. During four to six LANDSAT orbits per day, water 
resources data were relayed from the Delaware River basin 
DCP's through the satellite’s transponder to National 
Aeronautics and Space Administration (NASA) data-receive sites in 
Goldstone, California, and Greenbelt, Maryland. Soon after 
the completion of each LANDSAT pass over North America, DCS 
data from the Delaware River basin test site were processed 
by NASA, through the LANDSAT Operations Control Center (OCC) 
at the NASA Goddard Space Flight Center (GSFC) , and trans- 
mitted by dedicated landline teletype to the Survey's district 
in Harrisburg, Pa. 

At this point in the data flow, the data from the NASA system 
were entered into the Geological Survey data-handling system. 

Once a day, after the data were received from the firct 
morning LANDSAT pass over North America, which normally occur- 
red before 11:00 a. m. Eastern Standard Time, the set of DCS 
data covering the previous 24-hour period was entered into 
the Geological Survey's telecomputing network for processing. 

The data were entered as a computer job in the Survey's 
National Center in Reston, Virginia, via the Survey's District 
computer terminal in Harrisburg, Pennsylvania. They were 
entered via a high-speed Remote-Job-Entry batch terminal 
(which contains a card, reader, card punch, and line printer) , 
but it was possible to retrieve part of the completed 
computer job via a teletypewriter computer terminal in the 


♦Prior to January 1975 LANDSAT was known as ERTS (Earth 
Resources Technology Satellite) 
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Harrisburg, Pennsylvania office. The teletypewriter computer 
terminal was used because it also could be used as a communi- 
cations device, to retransmit DCS data summaries to water- 
resources management agencies that have commercial teletype- 
writers. This data flow is shown schematically in figure 1. 

A daily operational goal in processing the data was to release an 
LANDSAT-DCS water-resources summary to cooperating agencies 
by mid-afternoon each day. Normally, this objective was met. 

All systems used in the flow of data were standard. 

Geological Survey tools for collecting and processing water- 
resources data, except i.or the NASA-provided DCS communications 
facilities. They are in or are available to almost all 
Survey field offices. The flow of data originated at standard 
Sv7rvey instrumentation, passed through the NASA-provided DCS 
cc iimunications system, and was made available in a typical 
district office. The data were entered into a standard 
Survey computer terminal, processed at the National Head- 
quarters and returned to the district office. They were 
made available to several Survey cooperating agencies, which 
were a small subset of the 500 or more agencies that partic- 
ipate in the Survey's national cooperative program. 

Both NASA and the Geological Survey data-handling involved 
extensive use of teletype and paper-tape recording of the 
data, which are cumbersome media for large data-processing 
tasks. The media were adequate for this small simulated 
operational system, but actual operational systems could be 
configured to maximize the use of high speed transmission 
of data to central processing systems. In an operational 
system, direct high speed transmission of the data from the 
analog of the NASA Operations Control Center to the Survey's 
Computer Center would be warranted, rather than low speed 
transmission of the data to district offices. 


BACKGROUND 


The U.S. Geological Survey Water Resources Division (WRD) 
maintains a Hydrological Data Network across the United 
States in cooperation with State, local, and other Federal 
agencies. This network includes 18,000 surface water stations, 
28,000 observation wells, and 4,900 water-quality stations. 

Many of the stations are instrumented with continuously 
operating field recorders, and increasing number are being 
configured for real-time hydrologic-data transmission. The 
network is maintained to a great extent through the cooperative 
program, which collectively is a set of cost-sharing work 
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Figure 1: LANDSAT DCS Data Flc-.v 




agreements between the Geological Survey and over 500 local 
and State agencies. These agreements provide for data collec- 
tion and water-resources investigations by the Survey that 
cover a diversity of hydrologic topics. A common thread 
throughout the cooperative program is that the nation's water 
resources can most efficiently be measured using a standard 
set of techniques, instruments, and expertise provided by the 
Survey. The LANDSAT experiment described herein was designed 
to test a near real-time data collection technology that could 
become a nationally-used technique for water-resources data 
collection and dissemination. 

The Delaware River basin is an area of approximately 34,000 
square kilometers (13,000 square miles) in the northeastern 
United States (figure 2) . The basin includes significant parts 
of New York, Pennsylvania, New Jersey, and Delaware. The main 
river in the basin is the Delaware and the major tributaries 
are the Lehigh and Schuylkill rivers. The lower 157 kilometers 
(135 miles) of the Delaware River comprises the Delaware estuary 
and bay. The City of Trenton is at the head of the estuary 
(head of tide) and the cities of Philadelphia, Pa., Camden, N.J., • 
and Wilmington, Del., are along the estuary. The bulk of the 
population and industry in the basin are in the vicinity of the 
Delaware River estuary. Pressure is increasing upon the basin's 
water resources to meet the needs of the area, which is typical 
of highly industralized and urbanized areas. 

The Delaware River Basin Commission (DRBC) was created as a 
provision of the Delaware River Basin Compact, Public Law 87-328 
enacted in 1961 by the United States and the states of New York, 
Pennsylvania, New Jersey, and Delaware. The DRBC is required by 
the Compact to develop and maintain a Comprehensive Plan for the 
"...conservation, utilization, development, management and control 
of the water and related resources of the Delaware River Basin..." 
(Public Law 87-328) . The DRBC participates in the cooperative 
program with the Geological Survey and supports the operation of 
some hydrologic data stations in the basin. 

Other agencies that have a need for real-time water-resources 
data include the Harrisburg River Forecast Center (RFC) of the 
National Weather Service, and the City of Philadelphia Water 
Department. The River Forecast Center in Harrisburg, which 
is responsible for stage and flow forecasting for major streams 
and tributaries in many eastern river basins, relies heavily 
upon USGS river stage data for daily forecasts. A close work- 
ing relationship exists between the hydrologists of the RFC and 
the USGS in the operation, maintenance, and analysis of data 
from the hydrologic network. The RFC in Harrisburg makes daily 
streamflow and flood forecasts of major streams and ributaries 
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Figure 2: Location Map of the Delaware River Basin 
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in the Delaware River basin using sx:reamflow data from gaging 
stations in the basin. The City of Philadelphia Water Depart- 
n^nt monitors the distribution of water in the Delaware River 
basin because the Water Department uses the Schuylkill, and 
Delaware Rivers as water-supply sources, and because the 
Department operates several water-pollution-control plants 
along the Delaware River estuary. 

The Geological Survey could operate the water-resources 
instruments of the hydrologic network more efficiently if 
data were available in real time. A real-time analysis of 
these data could be used to schedule maintenance visits to 
the instruments and visits for gathering supplementary hydro- 
logic data. Savings in travel and manpower realized by a 
more efficient network management could underwrite the added 
cost of real-time data acquisition. 


WATER RESOURCES IKSTRUMEI'ITAT I ON 

The twenty stations instrumented with DCP's in the Delaware 
River basin are shown in figure 3 and listed in Taole 1. 

These stations are representative of a larger number of 
stations the Survey operates in the basin and across the 
Nation . 

There were three types of water-resources instruments inter- 
faced with DCP's in the Delaware River Basin. The first, the 
digital recording stream 'itage station, conceptually portrayed 
in figure 4, is a simple installation where water stage is 
monitored in a stream-connected stilling well. A float in 
the well is connected to a shaft encoder on a digital re- 
corder via a metal tape and counterweight. The recorder 
continuously monitors stream stage and, at regular intervals, 
the stream stage is punched on a 16-channel paper tape. At 
each of the five stream gaging stations where DCP's were 
installed, a Leupold and Stevens digital recorder, equipped 
with a telemetry module, was interfaced with tho DCP's. The 
telemetry module, which contained a sixteen-bit meraory, 
retained the most recent stream stage that was punched on 
the paper tape. This sixteen-bit data message, encoded as 
four binary coded decimals, was available as a parallel 
digital input to the DCP, which was the radio set used to 
communicate with LANDSAT. The DCP transmitted the same 
stream stage in successive data messages until the 16-bit 
memory was updated, at a 60-minute interval. 
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Figure 3: Location Map of USGS Water Resources Stations in the 

Delaware River Basin That Are Equipped With a 
LAMDSAT Data Collection Platform 
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The second recording type of instruments interfaced with DCP*s 
are digital-recording ground-water observation wells, which 
are conceptually identical to a stream-gaging station except 
that acquifer water level in a well is monitored rather than 
stream stage. The three ground-water observation wells 
instrumented with DCP’s also were equipped with Leupold and 
Stevens digital recorders modified with telemetry modules. 

The sequence of punching, storing, and transmitting the data 
was identical to that at the stream-gaging station. 

The water-quality monitors, which are the third type of instru- 
ments interfaced with DCP's, are electronically and hydraulically 
more complex than stage stations. A sample of water is continu- 
ously pumped from the stream, as schematically shown in figure 4. 
Water-quality sensors in the sample chamber are continuously 
bathed with fresh stream water. An alternative approach, to 
place in-situ sensors in the stream, generally is rejected 
because of the threat of vandalism, damage to the sensors by 
debris in the water, and difficulty of sensor maintenance. The 
sensors in the saunple chamber continuously measure the common 
water-quality parameters of dissolved oxygen concerntration, 
specific conductance at 25°C, temperature, and pH. Periodically 
the voltage output of each sensor is punched on a 16-channel 
tape, which is analogous to the paper tapes upon which stream 
or ground-water stages are punched. 

The values of several water quality parameters are sequentially 
punched on the paper tape at the recording interval rather 
than a single stage value. 

There were two alternative methods of providing the data to the 
DCP when it was interfaced with a water-quality monitor. One 
method was to continuously provide an analog signal from each sensor 
to the DCP. At the time of DCP transmission the zero-to-f ive- 
volt range of each sensor was converted internally within the 
DCP to an 8-bit serial digital bit string that was included in 
the DCP data message. A second method was to store the digital 
data that were punched on the paper tape in a memory unit that 
accumulated the digital data from the monitor and continuously 
made available to the DCP, in parallel digital format, the data 
from the most recent paper-tape punching cycle. The latter 
method was chosen in the Delaware River Basin study. 

The water-resources instrumentation interfaced with the LANDSAT 
DCS was representative of the large number of instruments tiiat 
the Water Resources Divion operates. The Water Resources 
Division does operate other classes of water-resources instru- 
ments, such as snow pillows, and tidal discharge stations. 
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THE LANDSAT DATA COLLECTION SYSTEM 


As conceptually shown in figure 5, the LANDSAT Data Collection 
System is a communications system that consists of three 
elements; Cl) the Data Collection Platform and associated 
user sensors, (2) the DCS transponder on the polar-orbiting 
LANDSAT satellite, and (3) the ground receive sites and 
data-handling systems. Exhaustive descriptions of the DCS 
system, less the user sensors and user data-handling pro- 
cedures# are in the ERTS Data Users Handbook (NASA, 1971) 
and the ERTS DCP Field Installation, Operations, and Main- 
tenance Manual (NASA, 1972) . 

During the course of LANDSAT experiments, the only element 
of the system with which the user needed to gain any sign- 
ificant familiarity was the Data Collection Platform. The 
LANDSAT satellite was beyond this control (and in-depth under- 
standing) , and the only concern the user had with the 
third element, the ground data handling system, was the 
data output options of that system. 

The LANDSAT DCP was a straightforward communications device 
to install, power, interface, and maintain (figure 6). The 
most cumbersome aspect of installing the DCP was mounting 
the antenna. The 46-inch diameter ground-plant antenna, 
although lightweight, was cumbersome in size. Efforts were 
made to make the antenna as unobtrusive as possible at most 
installations, because of the threat of vandalism. Never- 
theless a secure, unobtrusive mounting of the antenna atop 
typical Geological Survey instrument shelters normally 
could be achieved by a 2 or 4 man-hour procedure on site. 

An antenna mounting was achieved at almost every site with- 
in the constraint of the 10 foot antenna lead supplied with 
the DCP. 

Power to the DCP was supplied in most instances by ‘ four 6- 
volt dry cell batteries operated in series, or from line 
power through a 24-volt transformer. One DCP was powered 
by a 24-volt battery that was charged by a solar panel. 

These power supplies were all satisfactory, even to provid- 
ing enough power to the DCP during the winter, when the 
temperature in the instrument shelter occasionally dropped 
to 0°F, and battery efficiency declined. A nominal 6-month 
operational battery life was achieved at all sites where 
dry cell batteries (the most cost effective power sources) 
were used. 


11 






GROUND PLANE ASSEMBLY 
W6-INCH OlA-MniR. 1 INCH THICK) 



Figure 6: A LANDSAT Data Collection Platform 




The interfacing of the DCP with user sensors was accomplished 
at all sites with no detectable failures within the DCP's. 
Interface problems were encountered external to tlie DCP and 
within the user-supplied instrumentation. These and other 
problems are addressed in a subsequent section of this report. 

When properly installed, interfaced, and powered, LANDSAT 
DCP transmitted 401.55 Mhz transmission of 38-millisecond 
duration 'approximately once every 180 seconds. The trans- 
mitted encoded message of 190 bits contained a 12-bit DCP 
identification code and 64 bits of user-supplied environ- 
mental data, both of which were convolutionally encoded by 
the DCP. This transmission occurred approximately every 180 
seconds on a continuing basis. 

Data were received by the DCS receiver on board the satellite 
several times daily, when the LANDSAT satellite passed with- 
in about 1700 miles of the Delaware River basin. After the 
401.55 Mhz receiver aboard the spacecraft received the data, 
they were frequency translated on board, and rebroadcast at 
2287.5 Mhz on an S-band transmitter, to the Goddard Space 
Flight Center in Greenbelt, Maryland, and/or Goldstone, 
California. The data were successfully relayed only when a 
DCP and a receive site were mutually visible (in a radio 
sense) from the satellite at the instant the DCP transmit- 
ted a message. The message could have been unsuccessfully 
relayed even when mutual visibility occurred if two or more 
DCP's transmitted simultaneously causing interference. The 
LANDSAT design specification, that at least one transmission 
was relayed f-jom each DCP every 12 hours, with a probability 
of success of 0.95, has been more than met by the system. 

This success, of course, was due in part to a design criteria 
of 1000 operating DCP's. No more than about 150 DCP's were 
actually operated during the experiment. 


DATA PROCESSING 


The Geological Survey's Computer Center Division maintains 
a national telecomputing network, which consists of an IBM 
370/155 computer in the Survey's National Center in Res ton, 
Va. , an IBM 360/65 in Washington, D.C. and more than 150 
remote terminals across the country. Most Water Resources 
Division district offices have remote high-speed batch ter- 
minals to the system, through which they enter data and 
computer jobs, and through which they maintain their data 
files in the National VJater Data Storage and Retrieval System 
(WATSTORE) , T. ’.s is a computer file into which district 
offices enter their station data for further analysis, re- 
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trieval and publication. Although the hardware and software 
of VJATSTORE are maintained in Reston, it is the task of the 
field offices to enter, verify, update, and generally main- 
tain their own data in the files. Conceptually, a satellite 
DCS could be used to enter data directly to WATSTORE, if the 
satellite system were capable of economically collecting 
data at a sufficiently large rate from a large number of 
DCP's . 

The Geological Survey's Harrisburg, Pa. office has two com- 
puter terminals that were used for the ERTS experiment. One 
is a high-speed batch terminal, a Data 100 model 70-2 shown 
in figure 7, that uses a 4,300 bits per second (baud) Binary 
Synchronous Communications (BSC) line for telecommunications. 
This terminal has a card reader, card punch, and line printer. 
The second terminal, an ASR-33 teletypewriter terminal that 
uses a 110 baud asynchronous line is shown in figure 8. 

This conventional teletypewriter was easily configured to 
be a remote computer terminal . It produces page copies and 
can punch or read an 8-level ASCII-encoded paper tape. 

These two terminals are typical .of the classes of terminals 
found in WRD offices that provide access to a powerful com- 
puting system and WRD data files. 

Data from LANDSAT DCS were provided by a dedicated-line tele- 
type shown in figure 9. This teletype provided line copy 
as shown in figure 10, and a 5 channel paper tape. 

Within about 30-45 minutes after the completion of LANDSAT 
data-relay pass over North America, DCS data from tht_ 

Delaware River basin test site were transmitted from the 
Goddard Space Flight Center's LANDSAT Operations Control 
Center to Harrisburg. Data on the 5-channel paper tape 
were punched simultaneous*ly with the listing of the data on 
the teletypewriter printer. 

Salient in: jrmation on the teletype data listing for each 
relayed message can be seen in figure 10. Receive site 
identification, Greenwich Mean Time of data reception, DCP 
identification, message quality, user data, and the check 
sum were provided. Only message quality data of level 7 
(highest level) we'^e forwarded to the user. Five or ten 
percent of the data were sufficiently degraded during trans- 
mission for NASA to suspect that the data were spurious, and 
NASA's operating criterion was to not provide degraded data 
to the user. 

The 64 bits of user data were octally encoded into 8 "data 
words" of 8 bits. Each data word was encoded as 3 octal 
characters each. Table 2 shows the bit equivalent of the 8 
octal characters 0 through 7. 
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Figure 10: Format of NASA teletype data 
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TABLE 2 


Octal character 


3 bit equivalent 


0 

1 

2 

3 

4 

5 

6 
7 


000 

001 

010 

Oil 

100 

101 

110 

111 


The NASA convention was to construct a 9-bit string by con- 
catenating a duirany zero bit to the 8 bits of data in a data 
word. Thus, for example, the 8-bit string 01010011 was padded 
with a leading zero to become the 9-bit string 001 010 Oil, 
which was subdivided into 3 groups of 3 blLs each, and octal] y 
encoded as 123. This merely was a simple scheme for compacting 
binary information for data communication and handling. The 
64 bits of environmental data supplied by the user to the DCP 
was retrieved by the user by expanding and decoding the 8 octal 
data words under Dl through B8. 

The "Checksum" (CS) value was used to check the validity of 
each of the teletype transmitted messages. This was necessary 
because teletype data are vulnerable to significant interference, 
resulting in spurious data transmission. The algorithm used 
was to octally sum all the octal characters beginning with the 
"7" in the "C" field (message confidence) in figure 10 and 
continuing through field "D8". The units value of the sum was 
entered by NASA i*n the "checksum" field "CS". This allowed 
the user to validate the data by testing the same algorithm 
NASA used prior to transmitting the data. The "checksum" 
algorithm could fail, but it did increase the probability of 
detecting spurious data. 

Unfortunately, the format and level of the paper tape punched 
by the NASA-supplied teletype was incompatible with the ASR-33 
teletypewriter that was used as a computer terminal to the 
Survey’s computer. It was necessary to translate the 5-level 
tape data to another computer-compatible medium. This was most 
easily done with in IBM 047 tape-to-card punch, wnich translated 
each line of datr. from the tape to a card. The use of paper 
tapes and computer cards, and much of the manual data handling 
wuuld be cumbersome and inefficient for an operational data 
handling system, but the procedure was satisfactory as an 
operational te t 
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Normally, one LANDSAT data-procersing computer job was run 
daily. Nominally, the computer joL processed data that were 
received during a 24-hour period ending in midmorning. As 
will be discussed in a later section of this report, in more 
detail, the LANDSAT mutual visibility periods for the Delaware 
River basin test site always fell in the periods 0800-1300 
and 3000-2400 local time. A normal job included data from 
the latter half of a morning visibility period, the data from 
the evening period, and the first good mutual visibility period 
of the following morning. This permitted a 24-hour block of 
data which included at least one pass of fresh data, to be 
processed, and also permitted the data job to be processed 
and disseminated by midafternoon. 

One of the advantages of having remote -terminal access to a 
larg*^ computing machine like the IBM 370/155 in Reston is 
the opportunity for remote terminal users to write, compile, 
test, and store software online in the system. A user-written 
program to process LANDS.AT-DCS data from the Delaware River 
basin was written and maintained by project personnel in 
Harrisburg, and stored online in the Peston computer. The 
only non-data cards required for daily processing of the data 
were a small number of Job Control Language (JCL) cards that 
provided the computer with information about the system resources 
required to execute the job. 

Among uhe tasks performed by the computer program was the 
association of DCP ID with water-resources station, conversion 
of Greenwich Mean Time to local time, testing the checksum 
validation algorithm, conversion of the raw data to engineering 
units, the removal of duplicate data, and formatting of data 
summaries. 

There are several job queues available to the user for process- 
ing batch jobs through the Geological Survey's computers. 

Queue priorities range from A through F, where A is the fastest 
and most expensive priority, and F is the slowest and least 
expensive. LANDSAT daily data processing jobs normally were 
run on an A or B priority, which cost less than $10 per job, 
with an average waiting time of about 30 minutes. 

Once a computer job has been executed, the Survey system 
automatically places a joo output on a queue to return the 
job to the originating remote terminal. The output is printed 
automatically i£ that terminal is still connected to the 
system. Before permitting the LANDSAT-DCS computer job to 
be returned over the batch terminal, the high-speed terminal 
was disconnected from the system, and the teletypewriter terminal 
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connected. System software then was used to extract a por- 
tion of the job, which was retrieved by the low-speed 
teletypewriter terminal. The basis for this shuffling of 
the computer peripherals and software was to permit a com- 
puter-generated LANDSAT-DCS water-resources summary to be 
retrieved on a teletype readable record, 8 -level punched- 
paper tape, which was punched as the job was retrieved 
from the computer. Later, when the ASR-33 was disconnected 
from the computer and reconfigured as a conventional tele- 
type, the tape was read into the ASR and the data summary 
was sent via commercial Telex lines to other agencies. 

Figure 11 is an example of a part of one daily DCS summary. 

An objective in the data-handling schem.e was to minimize 
manual manipulation c£ the data and maximize the use of the 
telecomputing system. This was done to gain experience with 
these data-handling techniques, techniques that would be 
reeded if operational data-collection systems were used by 
the Geological Survey. 


PERFORT-IANCE CHARACTERISTICS OF THE 
INTEGRATED USGS-NASA WATER RESOURCES DATA SYSTEM 

No system, especially an experinental system, ever works 
flawlessly. 

For the sake of brevity, no discussion is made here of the 
performance characteristics of the instruments in the 
Geological Survey's Hydrologic Data Network. Suffice it to 
say that the digital-recording stream gages and ground- 
water observation wells provide, on the average, greater 
than S5 percent" of the potential data record, while water- 
quality monitors frequently provide in excess of 75 percent 
of the potential record. The discussion contained herein 
will follow the flow of data from DCP interfaces through the 
NASA and USGS systems to the users, specifically highlighting 
problem areas. 

The normal run-of-the-mill human errors occurred early in the 
program. At times DCP switches were set improperly, cables 
were poorly placed, and power to the DCP not applied. At 
one location, power to the DCP was provided from a trans ’ 
former that converted ilO volts AC line power to 24 volts DC. 
However, the line power outlet was controlled by the light 
switch inside the instrument shelter. The technician would 
enter the shelter, turn on the light (and power) check out 



the DCP, then turn out the lights (and power) , and leave. 

Then, after no data were relayed by ERTS, he would visit the 
station again, and would find the DCP in rpparent working 
order. Finally after a few iterations the 'power off" problem 
was discovered. These human errors were not stratified by 
grade level but the frequency of this type of error tended 
to decrease with operational experience. 

Persistent but minor problems were encountered with the 
interface with the Leupold and Stevens digital stage record- 
er. At about 20 percent of the stations equipped with these 
vender-supplied interfaces, there were occasional problems 
with a spurio’^.s bit being set on the interface. Normally 
the 16-bit mei^.ory interface in the digital recorder is clear- 
ed and updated during the mechanical paper-tape punch cycle, 
when stage data are punched on site on a machine-readable 
paper tape. The format of the data in the memory and paper 
tape is that of 4 binary coded decimals. Each decimal is 
coded by four bits. In the four-bit switches that are used 
to encode a decimal there are sixteen possible bit combina- 
tions, 10 of which (0 through 9) are valid and six are invalid. 
There were occasional invalid bit combinations in the inter- 
faces that occasionally failed. After discussions with the 
vendor, it was discovered that there was a design defect in 
the mechanical clearing and setting of the bit switches, 
which the vendor will correct in future models. Fortunately 
the invalid bit combinations occurred infrequently and spor- 
adically, and one could normally review and correct the data 
in almost all instances. 

Another minor problem was encountered with the Leupold and 
Stevens interface. During the normal punch cycle, when 
stream stage is being punched on a paper tape, there was a 
brief period of about a second when the 16-bit memory inter- 
face w’as cleared of its previous value in preparation for 
storing the current stage. If the DCP transmitted during 
this brief period, a stream stage of 0.00 would be encoded 
in the DCP data messages. As a result, there were transmit- 
ted occasional spurious stream stages of 0.00 feet. 

There were few failures in the NASA system, and none that 
could be localized to the DCP or spacecraft systems by this 
investigation. 

Py computer analysis of DCS data indicated that there might 
be defective timers in several DCP's, because data messages 
were being provided from these DCP's spaced a few seconds 
apart rather than the nominal 180 seconds. After discussing 
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this discrepancy with NASA personnel at the Goddard Space 
Flight Center the problem was traced by NASA to a defective 
clock at a receive site, which was erroneously time tagging 
some messages. The problcr’ was quickly solved and has not 
been detected again. 

•Occasionally DCS data from LANDSAT, which were slated for 
teletype transmission to Harrisburg, were lost or delayed. 

The disruption normally was caused by human error at Goddard. 
These disruptions were infrequent and far below the expect 
rate for such an ad hoc processing system. 

The teletype transmission line between Harrisburg and the 
Goddard Center was vulnerable to line noise and interference, 
which is characteristic of an asynchronous communications 
system. Data on the teletype were occasionally garbled or 
shifted. This was not generally serious, because two to 
four redundant transmissions from each DCP were found on 
most LANDSAT passes. If one transmission was garbled, the 
rest generally were not. When data were garbled, and in- 
valid characters were entered in the data field, or when 
data fields were shifted, the "checksum" algorithm or other 
automatic data checking algoriths were employed to screen 
the data. 

On iome occasions, the teletype, which operated unattended 
throughout the 24 hour cycle, ran out of paper or tape, or 
the media jammed. Loss of data due to running out of paper 
or tape was most common over a weekend. The paper-tape re- 
serve was insufficient to last over a 3-day weekend. 

The translation of the data to cards from paper tape, like 
the rest of the teletype operations, was slow, cumbersom.e, 
and vulnerable, but it was better than a manual system. 

The translation had the expected failures of tapes, cards, 
etc. No nonrecoverable failures were experienced, because 
this data translation procedure was done under human super- 
vision. 

All data processing was done using the Geological Survey's 
telecomputing system. Data were processed using an IBI! 

360/65 in Washington, D.C., but eventually the data were 
processed using an IBM 370/155 in the Survey's National 
Center in Reston, Virginia. The transition was made in the 
early fall of 1973 when the National Center was established. 

The goal of entering and retrieving a LANDSAT-DCS computer 
job on the same day was normally met about 80 percent of 
the time using the initial system, and more than 98 percent 
of the time using the Reston system. The detailed account- 
ing of the failures in the computer system are beyond the scope 
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of this report and the understanding of a remote user of 
the system, but a truly operational DCS syst«n would require 
an on-line data processing system that was virtually fail- 
safe. The Reston system, which is a batchjob processor, was 
very satisfactory in an experimental mode. 


LANDSAT-DCS PERF0RT4ANCE CIiARACTERISTICS 

From the vantage point of a user of the LANDSAT Data Collection 
System, there were some characteristics of the system that 
were measurable. Mutual Visibility Periods (MVP) temporal 
characteristics of DCP transmission intervals, and data 
capacity of the system were among the characteristics that 
could be measured. The following narrative is this experi- 
menter measure of some characteristics of the system. 

The Data Collection System on LANDSAT contains the essential 
characteristics of a random-access data-relay system that 
may be most suitable for collecting data with a polar-orbiting 
satellite. The LAMDSAT-DCS is inward looking, in the sense 
that the system does not interrogate the DCP’s, but only 
relays data that are transmitted from the DCP's. Individual 
DCP*s transmit data burst approximately every 180 seconds, 
but they transmit randomly relative to other DCP's. The 
random nature of the transmission is provided by inexpensive 
timers in the DCP's, which allow the period between transmis- 
sions for an individual DCP to vary within a range that was 
measured to be from about 160 to 200 seconds. Thus, if two 
DCP's emit data bursts simultaneously, and their transmis- 
sions interfere, the nonuniform timers provide for their 
subsequent data bursts to be well separated in time. Periodi- 
cally the LANDSAT satellite travels through an area of mutual 
visibility between a DCP and a receiveing site, and an op- 
portunity exists for data collected from the earth-resources 
sensor to be relayed to a receive site. 

A total of 20 sites in the Delaware River basin were instru- 
mented with LANDSAT-DCP ' s . The operational characteristics 
of the DCS could be defined after most of the sites in 
figure 3 were instrumented and operated for several months. 

An analysis of uCS data from the test site was performed to 
define the periods of mutual visibility for individual DCP's, 
as well as for the entire test site. 

The period of the LANDSAT polar orbit is about 103 minutes, 
but the fundamental period of the orbit is 18 days. This 
fundamental period provides the LANDSAT imaging systems with 
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Figure 12a: Computer Summary of Test Site Mutual Visibility Periods 


EfiOS-NASt 

EANTH HESOUMCe UCHNOtUGT SATELLITE EAPERIKNT 
DATA COLLECTION SrSTEM 
SUHMARV of TEST SITE DATA HELAY PEHIOOS 


^ « 
^ 


-•N 

O 9 


o 

o 

o 


c « 


9^ 9^ 

2 OC ft 

M « 

tn ui w 
ft >► ► 

a 

X 

^ M 

> «i« «« 

ft 

> ^ 
tel ft ft 

ft O 3 

ft 

V o 


tel Z 
O 2 
M M 

o 

tel tel 
^ C 

in o o 

O 2 

<n ft o 

tel tel Z 
^ ft teJ 




9k 

O 


«n 

V) 


^ Zk ^ 

A| ft 

•PB IV «• 

fit # B. 

mm Ct 

» N * 

•n »f» *% 

V o 

ft ft 

tftC B 

ft 


«■ ft ft 

mm fU <*■ 

*V — O 

ft ft — 

mm 9 S 



(V 



9^ 

PN 


ft 



ft IV 

ft ft 

ft 2 

^ fr 

A. > 

IV ft 

> o 

ft ft 

ft ft 

ft ft 

«r j» 

p- IV 

IV IT 

IV m 

m ft 

ft 

ft ft 

9^ fw 

9^ In 
«>« ^ 

t«N K 
mm mm 

ft ft 

«« «« 

ft ft 

ft ft 

ft ft 

< a 

ft ft 

ftk m 

ft ft 

Pk. ^ 

• a 

»» 

o o 

P^ mm 

V V 


IWM 

oti\t 

<V V 

M M 

M<N 

m m 

m m 

m m 


ft* * » 

ft Ai In 

i> ft 

m rv (^ 

0 0 9 

p o pi 

9 ft ft 

X 9 -N 

ft -V 

Al At 

ft O N» 

ft ft ft 

^ ft ft 

D I) 4T 

— m "N- 

— m r 

r » 


In. 

ft 


ft 

ft 

ft 

ft 

ft 


ft c 

ft ft 

» fte 

•) ft 

9 O 

IT < 

e -N 

ft ^ 


IT « 

ft •• 

O IV 

m ft 

m ft 

ft iT 

iT O 

ft' o 

c — 

t«v« 

•c c 

« « 

ft ft 

ft ft 

ft ft 

ft ft 

ft /* 

ft ft 

ll^ l/% 

ft ft 

In In 

ft ft 

Z > 

o o 


V (V 

*•> PS 

(Wite 

«m mm 


-V V 

mtrn mm 

<V IV 
mm mm 

IV <v 

mm mm 

m m 

m m 

m m 

m m 

K » IW 

«•> ft 

O IV 

9 n * 

a « « 

a > 

m m r* 

ft 

T o 

O (U <S 

ft m ft 

ip e -• 

^ ft n 

IV ft ft 

« IN P 

IV m 

EV m m 

ft o 

ft 

ft 

ft 

ft 

ft 

Ip 

ft 

ft 


c 

M- 

^ ft 

ft ft 

M -• 

^ ft 

m rv 

O A- 

ft m 

CM 

<vm 

“Nrt 

ft ft 

ft e 

aT O 

o -• 

^ mm 

pp IV 

ft ft 

ft ft 

ft ft 


r) ft 

m ft 

ft ft 

ft ft 

ft ft 



•« mm 

o o 

o o 

o o 

o o 

O O 


tn IP 

« « 

K 

« a 

> o 

o o 

p« p« 

IV *v 

m m 

nj iM 

rviv 

fV V 

mm mm 

IV rv 

'V M 

m m 

Pp p 4 

m m 

m m 


n ft ^ 

9 <1 o 

ft ft ^ 

O *■• PB 

O ft ft 

9 Cl O 

m m o 

* O IN 

O ft 

#n — ft 

ftft ft 

^ft.ft 

e ft ft 

♦ a f“ 

O IV ft 

rv o ft 

fti rv o 

O ft 

ft 

ft 

ft 

In 

ft 

In 

fN. 



ff> o 

ift ft 


inp 

® » 

ft ft 

Z V 

ft <r 

rv m 

fW ft 

m ft 

m m 

o 

o ^ 

rv 

p- m 

rv m 

m ft 

<n n 

ft) ft) 


IV rv 

IV (V 

IV rv 

rv <v 

rv rv 

rv rv 

o e 

o o 

e o 

o o 

o o 

o o 

c o 

o o 

o o 

IT IP 

ft ft 

|N 1^ 

ft % 

^ 9 

o o 


IV <v 

m m 

<M Ai 

M IV 

rv rv 

•M V 

V V 

m m 

m m 

m m 

pp pp 

m m 

n •• ft 

ft ft) 

ft* C 9 

ft O ft 

mm o 

In ^ « 

ft O ft 

C ft c 

ft 9 

ry e ft 

ft) ft ft 

1^ ft IV 

ft ft 

o m 

V (ft ft 

M IP o 

m ^ 

O ft 

ft 

K 

K 


ft 

ft 

ft 

ft 


IT N 

•-« ft 

An » 

ft 

O A 

O' IV 

— 9 

ft ft 

Pp f-B 

« IP 

iftO 

ft o 

IV m 

mm 

r^. ft 

ft ft 

ft ft 

Ift o 

<-• *« 

^ V 

•m M 

o o 

o o 

o o 

o o 

o o 

O pp 

O O 

e o 

O O 

o o 

o o 

o o 

o o 

o o 

o o 

lO ft 

ft ft 

In I- 

ft ft 

9 9 

o o 

— -B 

rv iV 

m m 

ry Ai 

rv rv 

IV V 

IV rv 

mm ^ 

rviv 

mm mm 

m m 

m m 

m m 

m* mm 

m m 

o 


rv 

m 

ft 


ft 

A» 

X 








PP 











27 


Figure 12b: Corputer Summary of Test Site Mutual Visibility Periods 



I 


an opportunity to image any particular scene on the earth’s 
surface once every 18 days. Periodically the L^MDSAT orbit 
is trimmed slightly. But if one characterizes the mutual- 
visibility aspects of the DCS for any 18-day period, then 
one has a good measure of this characteristic for all suc- 
cessive 18-day periods. Figure 12a and 12b are a tabulation 
of the mutual-visibility periods in the Delaware River basin 
test site for the 18-day period beginning on day 116, 1973, 
through day 133, 1973 {April 26, 1973-May 13, 1973). Each 
row of entires on the computer printout contains the mutual 
visibility periods for each of the 18 days during the period. 
Each entry is of the form: 

DDD^ MM^ SS^ 

DDD 2 HH 2 MJ42 SS2 

d 

where : 

DDD^ IIKj^ MM^ SS^ are the day, hour, minute, and second, 
measured in Greenv/ich Mean Time, of the first transmission 
from any test site DCP during an ERTS orbit. 

”d" is the duration, in seconds, of the mutual visibility 
period, as deliminited by the two times above. 

On every day there are at least five MVP's and on a few days 
there are six. The maximum length of a mutual visibility 
period is normally about 800 seconds, and the minimum length 
can be as short as a few seconds. Whenever the length of 
the period is in excess of about 400 to 500 seconds, one 
could expect to receive transmissions from virtually every 
test site DCP at least once, and normally several times dur- 
ing the period. Characteristically, there were at* least four 
MVP's of this length every day, with two occurring in each 
of the time periods 00:30 to 4:30 GMT and 13:30 to 18:00 GMT 
(7:30 to 11:30 p.m. EST and 8:30 a.m. to 1:00 p.m. EST) . 

The short-duration MVP's characteristically provide data 
only from DCP's that operate in geographic locations that 
have excellent visibility of the sky and, therefore, of 
LANDSAT. On the bottom of figure 12b one can see that there 
were a total number of 94 orbits when there was mutual visi- 
bility from LANDSAT of the test site and a ground receiving 
site, and that the sum of the durations of the 94 mutual- 
visibility periods was in excess of 55,000 seconds. Analysis 
of several 18-day periods indicates that the total number 
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of orbits varies by about one or two, because some of the 
very short MVP's are completely missed, and the total mutual- 
visibility periods remains at about 55,000 seconds. This is 
about 3.5 percent of the total length of the 18 day cycle, 
which is about 1.6 x 10^ seconds. 

The range of the beginning times for any MVP generally was 
about 2 minutes, and the duration of a MVP was relatively 
constant from one 18-day period to the next. Thus, the per- 
formance characteristics of the set of DCP's in the test 
site, insofar as mutual visibility was concerned, was well 
characterized by the computer analysis shown in figure 12a 
and 12b. 

There is merit in performing an analysis of the mutual-visi- 
bility characteristics of individual DCP's in order to estimate 
the effect of local terrain, both natural and man made, on 
the mutual-visibility opportunities for a variety of geograph- 
ic sites. Figure 13 is a computer analysis of the mutual- 
visibility periods of the DCP with identification number 6114 
for the same 18-day period summarized in figure 12a and 12b. 

As in previous figures, each row of entries summarizes DCP 
MVP's for each of the 18 days in the period. Each entry is 
of the form: 


DDD HK MM SS 
t - r 


where : 

DDD HH MM SS are the day, hour, minute, and second, measured 
in GMT, of the first trarTsmission of this DCP during a MVP. 

"t" is the elapsed time measured in seconds between the 
first and last transmission from this DCP during the MVP — 
a measure of the length of a DCP mutual-visibility period. 

"r" is the ratio t/d where t is defined above and d is the 
entry in figure 12a and 12b that defines the duration of the 
test site MVP. 

If there is only one transmission from a DCP during a MVP, 
then t is arbitrarily set at 90 seconds, which is one-half 
the temporal transmission period of the DCP. 

A cursory examination of figure 13 shows that this DCP re- 
layed data during each of the 94 test site MVP's as well it 
should. This performance was due to its geographic location. 
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The DCP was on a small island in Delaware Bay where there 
is a virtually unobstructed view of the horizon. On several 
days, r was equal to 1.00, which indicates that the first 
and last test-site transmission came from this DCP. Finally, 
on the bottom of figure 13, and in addition to the orbit 
count, there is a second measure of the visibility of this 
DCP — the ratio of the mutual visibility of the DCP relative 
to the entire test site. This is the ratio of the sum of 
the DCP ”t's" to the sum of the test site ”d's". The highest 
value of this ratio falls in the range 0.74 to 0.76, which 
was determined in an analysis of several 18-day periods for 
this DCP. A ratio ot 0.75 means chat the mutual-visibility 
period sum for this DCP was about 0.75 x 55,000 seconds, 
which turns out to be about 2.6 percent of the total 18-day 
period. Values of this ratio for a Delaware River basin DCP 
can be as low as 0.16, which is shown in figure 14. 

The analysis in figure 14 is identical to that shown in fig- 
ure 13 but is for DCP ID 6124, which is in an urban area near 
Trenton, N.J. There are many entries in the compilation 
where all the fields in the entry are filled with zeroes. 

This denotes the existence of a MVP for the test site, but 
no transmission was relayed for this individual DCP. The 
orbit count for this DCP is down to 50. Nevertheless, on 
each day (except day 123) there was at least one successful 
transmission relayed from DCP during the morning and evening 
data-relay periods, although mutual visibility was available 
for less than 1 percent of the time. 

All of the DCP's in the Delaware River basin test site trans- 
mit data burst at intervals of about 180 seconds. The DCP's 
are also capable of transmitting data bursts at about 90 sec- 
onds intervals. The mutual visibility ratio and orbit count 
of DCP ID 6124 could undoubtedly be improved if the temporal- 
transmission period were decreased to 90 seconds from 180 
seconds. This, however, would increase the apparent number 
of DCP's in the system and increase mutual interference, 

A summary of orbit counts, and mutual-visibility ratios for 
the 18 DCP's functioning during this 18-day period is shown 
in Table 3. The mutual-visibility ratio is an attempt to 
normalize the mutual-visibility of a point to the entire 
test site and is formed by the ratio of the sum of the mutual- 
visibility periods of ^he test site. There is a general trend 
of increasing ratio and orbit count from congested urban 
areas in Philadelph: a and Trenton to rural areas. The extreme 
value is at Reedy Island, where there is a virtually unob- 
structed view of the sky in the hemisphere above the station. 
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Quantitative measures could be developed to predict the mu- 
tual visibility characteristics of a location as a function 
to the visibility of the sky. 

One of the important characteristics ot a random-access, in- 
ward-looking satellite data-relay system is that data bursts 
from two or more DCP's can cause mutual interferences, re- 
sulting in loss of data from those bursts. An important 
characteristic of such a system is tAe amount of data lost 
due to mutual interference. The following analysis indicates 
that only about 5 percent of the data bursts from a DCP may 
be lost to mutual Interference. The system has always nad 
less than 200 DCP's operating at any given time. 

Figure 15 contains the partial results of an analysis that 
attempts to quantify the mutual-interference history of the 
test site DCP's. Only six are siimmarized in figur® 15. 

The fourth DCP in the figure, identification number 6114, 
transmitted a total of 315 messages that were successfully 
relayed during the 18-day period. Twenty-four of the mes- 
sages classified as "duplicate messages," were received 
simultaneously at both receiving stations. V?henever two or 
more messages are received during a particular MVP, it be- 
comes possible to compute the period of time tnat elapsed 
between successive transmissions. For example, the periods 
between successive transmissions from DCP ID 6114 fell into 
11 intervals, as shown in table 4. 

Table 4 


A Summary of DCP Transmission Periods 
for a Typical 18-Day Cycle 


of events 
nterval 

Range of transmission 
period interval 
(in seconds) 

3 

173-174 

14 

175-176 

22 

177-178 

33 

179-180 

33 

181-182 

34 

183-184 

24 

185-186 

10 

187-188 

14 

189-190 

27 

191-195 

7 

361-400 


Sum 221 


34 



ei>os>MAS« 

earth resources TECMNOLOOT SATEtLlTf C»RfRlMC*»^ 

DATA COteCCTlON SYSTEM 

SUMMARY or nc» temporal transmission intervals MITHIN mutual VISIRILITV RCRIOOS 

number or EVENTS IN INTERVAL 
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The sum of the events in the interval indicate that there 
were 221 measurable periods between transmissions. The 
periods in the range from 173 to 195 seconds obviously were 
due to successive transmissions of the DCP and demonstrate 
that the timer can be seen to be unique for each DCP. Detailed 
analyses of these data often revealed a diurnal variability 
in the timer, presumably due to environmental conditions. 

There are seven periods in the range of 361-400 seconds, 
obviously caused by intermediate transmissions being lost 
due to mutual interference or some other reason. DCP 6114 
was where there was virtually no obstruction of the horizon; 
so, a reasonable assumption is that the seven intermediate 
transmissions lost were due to mutual interference only, and 
not due to the existence of nearby stationary physical obstruc- 
tions. Thus, seven transmissions were lost in all probability 
to mutual interference. There may have been more than seven 
transmissions that were lost to interference because if a 
transmission lost due to mutual interference were normally 
the first or last one of the MVP, then one would have difficulty 
estimating the loss with a high degree of confidence. It is 
possible to make a detailed accounting of each MVP, count the 
number of transmissions between the first and last transmission 
of a MVP, and compare this number to the known number of 
transmissions lost. For this MVP, during this 18-day period, 
there were a total of 134 successful intermediate transmissions, 
and seven were lost. Thus out of a total of 7 + 134 transmissions 
seven messages (or about 5 percent of the 141 intermediate 
transmissions) suffered mutual interferences with other DCP 
transmissions . 

The other DCP's summarized figure 15, except DCP ID 6067, show 
anywhere from one to five in the 4 00- second range, 

indicating intermediate data losses probably due to mutual 
interference. As the total number of messages from a DCP 
decreases, the number of intermediate transmissions falls off 
rapidly, and the transmission loss to mutual interference 
remains low. DCP ID 6067 had an unusually high number of 
intermediate messages lost because the DCP was directly beneath 
the Delaware Memorial Bridge. A significant number of lost 
transmissions could be expected when LANDSAT was shielded from 
the DCP antenna by the bridge structure. 

The performance characteristics of the DCS for the Delaware 
River basin test site may be broadly summarized by stating 
that at most DCP locations were the temporal transmission period 
was r.ominally 180 seconds, from one to four transmissions per 
MVP are being relayed during four or five MVP’s per day. 
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Mutual interference between DCP’-s is estimated to be in the 
neighborhood of 5 percent at a time when there is a total 
of less than 200 field operating DCP's (during the 18-day 
period from April 26, 1973 - May 13, 1973) . The LANDSAT-DCS 
design goal was one message per 12-hour period from 1000 
platforms that are mutually visible to the- receive site and 
LANDSAT satellite. 


CONCLUSIONS 


This experiment successfully demonstrated that standard 
U.S. Geological Survey field instrumentation could be easily 
interfaced with the lANDSAT-DCS and the data made to flow 
smoothly to water-resources management agencies. The experi- 
ment was conducted in the Delaware River basin, a typical 
river basin, using U.S. Geological Survey resources and 
facilities that are typical of the Survey's national field 
activities . 

The Data Collection System on LANDSAT was an excellent 
demonstration system to show the actual and potential user 
communities that satellite data-relay technology can perform 
the data-relay function efficiently and economically. The 
DCP is inexpensive, reliable, and simple to operate, interface, 
and power. The spacecraft system and ground-data handling 
systems, provides a smooth, uninterrupted flow of about 10,000 
DCP messages per month from the field to this user. However, 
the Data Collection System and the data handling system, as 
described in this report, are insufficient to meet the require- 
ments of an operational data collection, processing, and 
dissemination system for the WRD. 

A truly operational system could not be deployed using the 
systems described herein unless some modifications are made. 

For example, the U.S. Geological Survey's field instruments 
cannot provide an efficient flow of data into a telemetered 
system because most field instruments are designed to record 
data on site, and are not designed to act as efficient telemetry 
interfaces. Redesign of the field instruments to interface with 
a telemetry system presents no technical obstacles. The LANDSAT- 
DCS is not sufficient as an operational system because of the 
low DCP capacity of the system (1,000 DCP's), tne low data rate 
of the system when operating to capacity (one message per 12 
hours) , and the two hiatuses each day when no data are relayed 
(approximately from 1230 to 2000 hours and from 0100 to 0800 
hours) . Finally, the U.S. Geological Survey computer networ)c 
is not sufficient: because the main computational resources are 
general purpose computers that do not operate 7 days a week. 

A truly operational system, which would require fai''-safe 
redundant computer resources that could guarantee continuous 
operation, is technically possible. 
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No significant technical obstacles exist that would prevent 
a multi-satellite, polar-orbiting, multiband system from 
meeting the needs of water-resource manager. Such a system 
probably could provide a nearly continuous flow of data from 
a large number of stations to resource managers and could 
meet the basic data collection requirements of the Water 
Resoruces Division. 

It became obvious during the execution of the project that 
satellite data collection systems were also potentially 
powerful tools for operators of water resources data systems, 
as well as for the resource manager . If real-time data could 
be collected from a large water-resources monitoring system 
at a sufficiently modest cost, the cost could be offset by 
savings in manpower required to operate the system. Savings 
in manpower could be realized by deploying manpower more 
strategically, which could be done by a continuing anaylsis 
of real-time data that would be useful for monitoring the 
status of the system as well as the status of water resources. 

The set of elements required for an automatic environment 
data collection-and-processing system would be complete if 
an operational satellite DCS were available. The Geological 
Survey operates a system of environmental instruments, a 
national telecomputing network, and maintains national water- 
resources data files. These systems and files could be upgraded 
to interface with an operational satellite Data Collection 
System and provide an efficient and rapid flow of wate resources 
data from the field to ultimate data users. 
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